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PROJECT DESCRIPTION & OBJECTIVES

The National Renewable Energy Laboratory (NREL) under the direction of the Office of Fuels
Development at the U.S. Department of Energy has spent the past several years developing
and testing processes for converting cellulose biomass to fuel ethanol.  Although
comprehensive reviews have been conducted of the overall process configuration, capital and
operating costs, further knowledge is required in developing the cellulase enzyme production
area.

The objectives of this work are, as follows

• To improve the process design and accuracy of the cost estimate for cellulase
production.  The current process has been modeled using the ASPEN+ system.

• To review and provide input specific to the oxygen transfer system of the cellulase
production system.

• To specify and estimate potential designs of alternate cellulase production systems.
• To provide input on experimental work necessary to further develop this area of the

cellulose conversion process.

This work has been carried out by:

Vogelbusch U.S.A., Inc.
10810 Old Katy Road, Suite 107
Houston, TX  77043
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TASK 1  LITERATURE REVIEW

Literature provided by NREL as well as internal Vogelbusch research has been reviewed for
design and oxygen requirements of cellulase production or similar systems.  NREL currently
uses equations developed under the BioEngineering Simulation Technology (BEST) program
and an estimated oxygen transfer rate (OTR) requirement to determine aeration and agitation
requirements for cellulase production.

A summary of the literature findings for both the external literature sources and internal
Vogelbusch data review are tabulated on the following two pages.   A reference list is provided
at the end of this report and a copy of our Vogelbusch reference paper is included as
Attachment A.

The external literature primarily presents oxygen transfer scenarios involving traditional,
mechanically sparged systems.  The oxygen transfer rates achieved exceeded the NREL
experimentally established required oxygen uptake rate (OUR) of 25 mmol/L-h but the
organisms used in the experimental work were not T.  reesei.  The organism itself is important
because different organisms create different fermentation broth conditions.  The oxygen
supplying gas was air in all cases.

The internal Vogelbusch data review presents several different types of aeration systems.   The
oxygen transfer rates (OTR) exceed the required oxygen uptake rate in all cases but again, the
organism tested was only T.  reesei in one application.  We do feel however, that the citric acid
fermentation broth is similar in characteristics to a cellulase fermentation broth and therefore the
Bubble Column oxygen transfer rate achievable will be similar to the test value.

A significant factor in the design and performance of the fermenter and oxygen transfer system
is the pressure involved.  If in-vitro sterilization under pressure is required and the vessel is
designed for pressure then it is advantageous to run the vessel under pressure during normal
operation in order to increase oxygen transfer.  If a pressure vessel is not required, the
fermenters can be much less expensive to construct but the efficiency of the oxygen transfer
system itself becomes critical.  The bubble column fermenters can be built for similar cost under
either circumstance but the IZ fermenter cost will increase considerably with pressure required.

Another very important factor in reviewing oxygen transfer rates (OTR) is the viscosity of the
fermentation medium.  Further experimental work with an emphasis on measuring and
monitoring the viscosity through the course of a cellulase batch is required in order to fully
evaluate different oxygenation systems.
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TASK 2  POTENTIAL DESIGNS OF CELLULASE PRODUCTION SYSTEMS

NREL currently has a design using standard low pressure reactors with top-driven agitation.
Other potential designs could include, higher pressure reactors to increase oxygen solubility in
the fermentation broth, use of oxygen enriched air, novel reactor designs and/or a combination
of all of the above.

A potential alternate design that could be used to test both air and enriched air oxygen transfer
is a bubble column fermentation system.  This is the same system used by Vogelbusch for the
production of citric acid.  As mentioned previously, the broth characteristics of a citric acid
fermentation are felt to be similar to that of a cellulase fermentation.  The bubble column
fermenter and subsequent aeration system regularly achieve oxygen transfer rates in excess of
the required uptake rate of 25 mmol/L-h using air alone as the gas.  This style of fermenter has
a low capital cost and is easy to clean.  It is also low shear which can be important in high
oxygen required environments where traditional systems require a degree of mechanical
agitation that is damaging to the organism.

Vogelbusch has developed a test system that could potentially be useful for experimental work.
It is a laboratory scale citric acid production system.  The system includes several glass, 17 L
bubble column fermenters, a roots type compressor, air filters, flowmeters and associated
instrumentation.   Further details, an equipment list and process flow diagram are presented in
Attachment B.   If this test system is of interest to NREL, it could be purchased from Vogelbusch
for a fixed price of $85,000.   We would however stress that a laboratory scale system would not
handle coarse suspended solids and a larger pilot plant fermenter would be required to test the
system on converted cellulosic substrate.  Vogelbusch can design such a test fermenter.

A modified NREL PFD as well as a Vogelbusch equipment list is also included illustrating the
overall system for the current large scale production configuration.  The material balance shown
on the PFD is the original balance from NREL/TP-580-26157.  The modifications to the current
cellulase production area would include the replacement of the current fermenters with bubble
column fermenters, the addition of recirculation pumps for the main cellulase fermenters and the
associated recirculation piping.  It is important to note that the maximum capacity of a bubble
column fermenter is 590 m3 (150,000 gallons).  This results in a requirement for 20 fermenters
in order to maintain the same overall system volume provided by the original 11 fermenters
(280,000 gallons).  The bubble column fermenters do not require coils or agitators however
which results in a considerable equipment cost savings to offset the additional fermenter costs.
A detailed breakdown is shown on the equipment list in Attachment B but in summary, an
overall cost savings of approximately $3.6 million could potentially be realized.

An additional option to test would be a Mott Metalurgical gas sparger.  These spargers are
porous stainless steel and can be steam sterilized.  They are also available designed
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specifically for sanitary service.    The cost of these spargers is approximately $3,800 for
sanitary service and process conditions described for Area 400 in the report NREL/TP-580-
26157 and $3,125 for sanitary service and the process conditions described in the C Milestone
Completion Report. In regards to both sets of quotations a ratio of approximately 1:1 H:D was
used for vessel dimensions to be consistent with the ratio of H:D for the largest scale vessels,
F-400.  The price does not vary appreciably between the two units.  These are standard items
with a very broad range of air and liquid flows.  We do not know the piping configuration of the
current pilot plant but a recirculation loop with a dedicated pump for each fermenter is required
for installation of these in-line spargers.

Prices have also been obtained for in-tank porous spargers that could be utilized in the cellulase
seed vessels.  These are very inexpensive units and again, the price is attractive even on the
large scale.  These in-tank spargers are approximately $125 - $135.

Mott Metalurgical was also contacted in regards to oxygen transfer rate data for the spargers
but this information is very process specific.  To this end, Mott is willing to discuss providing a
"test" unit in both applications that could be used by NREL in the pilot plant to experimentally
determine this data for the T. reesi fermentation.   The equipment specifications for the two sets
of spargers are included in Attachment B. These spargers could be utilized in both air only and
oxygen enriched air applications.

A modified NREL PFD as well as a Vogelbusch equipment list is also included illustrating the
overall system.  The material balance shown on the PFD is the original balance from NREL/TP-
580-26157. As mentioned previously, the modifications to the current cellulase production area
would include the addition of recirculation pumps for the main cellulase fermenters and the
associated recirculation piping.  The equipment cost for the modifications is approximately
$134,000.  This is a very minor capital cost addition relative the estimated overall 400 area
equipment cost of approximately $11,500,000.

TASK 3  FUTURE EXPERIMENTAL WORK

NREL has the capability of bench and pilot scale runs.  In order to collect the data essential to
the design of full-scale process equipment we suggest the following experiments be conducted:

• Cellulase production runs using existing pilot plant equipment with the emphasis on
measuring the viscosity throughout the course of the batch.  This is important for both
oxygen transfer as well as heat transfer calculations.

• Cellulase pilot production runs using a bubble column fermenter(s) in order to measure the
oxygen uptake rate and oxygen transfer rates in the fermentation broth utilizing this type of
reactor (with and without pressure).



Rev:  0

NATIONAL RENEWABLE ENERGY LABORATORY
GOLDEN, COLORADO

VOGELBUSCH U.S.A., INC.
10810 OLD KATY RD., SUITE 107

HOUSTON, TEXAS  77043
DATE: 01/31/00 PROJECT NO:  9922 BY:  VB PAGE: 5  OF  8 (713) 461-7374 / FAX: (713) 461-7377



Process Design and Cost Estimation for Cellulase
Production Equipment

NREL Subcontract No.  ZXE-9-18081-01

 

• Cellulase pilot production runs using the Mott Metalurgical gas spargers to evaluate the
oxygen transfer capabilities of this type of aeration system (with and without pressure).

 

• Cellulase production runs on an increasingly large scale in order to determine if sanitization
requirements become a capital and/or operating cost issue.

 

• Cellulase production runs on an increasingly large scale in order to determine if the oxygen
transfer characteristics and requirements become a capital and/or operating cost issue.

CONCLUSIONS AND RECOMMENDATIONS

The work to date involving the T. reesi organism indicates that the oxygen transfer rate required
to meet the needs to the organism is not as high as originally anticipated.  This transfer rate of
25 mmol/L h is achievable by a number of different aeration/oxygenation systems.  A key factor
to consider however is the fact that biological systems do not necessarily scale-up in a "linear"
or predictable fashion.  To this end we have suggested two alternate process designs for
oxygen transfer systems over and above the traditional mechanical, sparged fermenter
configurations.  These alternate systems need to be tested but we feel will provide the
anticipated oxygen transfer rate (with additional oxygen transfer capabilities if required) while
minimizing the need to expose the organism to increasing levels of shear stress.  These
proposed systems also take into consideration the need to maintain close to aseptic conditions
for optimal T. reesi growth and cellulase enzyme production.  The bubble column fermenters are
used in the citric acid process which also has a more stringent sanitation requirement than a
traditional yeast fermentation and the Mott spargers are capable of withstanding steam
sterilization and/or exposure to cleaning chemicals (i.e., caustic, various acids).

Most reported work involving the evaluation of oxygen transfer capabilities has been conducted
on organisms other than T. reesi.  As mentioned previously, oxygen transfer rates are very
process specific.  Further testing, as described under Task 3, is necessary in order to define the
operating conditions necessary for the production of cellulase enzymes by T. reesi.   These
operating conditions are required in order to identify opportunities for further improving the
economics of the cellulase production process.



















































EQUIPMENT LIST (BUBBLE COLUMN ALTERNATIVE)
 REVISIONS

CLIENT: NREL NO. DATE BY
GOLDEN, CO MADE BY: PT A 2/1/00 PT

PROJ: 9827 APPD BY:

AREA: 400 - CELLULASE PRODUCTION PRINT: 5/11/00
PFD: D-400-N-A401 / A402B PAGE: 1  OF  2

EQUIPMENT GROUP:  EXCHANGERS
EQUIP EQUIPMENT DESCRIPTION NO. CAPACITY SIZE DESIGN PRESS D.TEMP MATERIALS COST ESTIMATE REMARKS

NUMBER NAME  MM BTU/HR TYPE SQFT U VAL SHELL TUBE ºF SHELL TUBE $ / ITEM TOTAL $
0 WPLAT 0 150 125 200 304L SS 304L SS $0 $0

SUBTOTAL EXCHANGERS 0 $0

EQUIPMENT GROUP: PUMPS
EQUIP EQUIPMENT DESCRIPTION NO. CAPACITY S I Z E  (IN) PRESS D.TEMP MATL MOTOR COST ESTIMATE REMARKS

NUMBER NAME  GALS/MIN SUCT DISCH IMP FEET ºF HP RPM $ / ITEM TOTAL $
P-400 CELLULASE TRANSFER PUMP 2 175 100 212 316 SS  $10,004 $20,008 DELTA T COST = $9,300/ITEM

P-400A CELLULASE CIRC. PUMP 20 100 125 212 316 SS  $8,235 $164,691 NEW RECIRCULATION PUMPS
P-401 CELLULASE SEED PUMP 2 72.5 N.A. 212 316 SS  $12,105 $24,210 ROTARY LOBE - DELTA T COST USED
P-405 MEDIA PUMP 2 62.5 100 212 316 SS 22  $7,350 $14,700 DELTA T COST = $8,300 / ITEM
P-420 ANTI-FOAM PUMP 2 11.2 75 212 316 SS 129  $6,140 $12,280 DELTA T COST = $5,500 / ITEM

SUBTOTAL PUMPS 28 302 $235,888



VOGELBUSCH U.S.A., INC.
10810 OLD KATY ROAD, SUITE 107
HOUSTON, TEXAS 77043-5013
(713) 461-7374 / (713) 461-7377 FAX



EQUIPMENT LIST (BUBBLE COLUMN ALTERNATIVE)
 REVISIONS

CLIENT: NREL NO. DATE BY
GOLDEN, CO MADE BY: PT A 2/1/00 PT

PROJ: 9827 APPD BY:

AREA: 400 - CELLULASE PRODUCTION PRINT: 5/11/00
PFD: D-400-N-A401/A402 B PAGE: 2  OF  2

EQUIPMENT GROUP: AGITATORS
EQUIP EQUIPMENT DESCRIPTION NO: TANK CAP S I Z E (FT) SHAFT MOUNT D.TEMP MATL AGITATOR COST ESTIMATE REMARKS

NUMBER NAME  GALLONS DIA S.SIDE DIA IN TYPE ºF HP RPM $ / ITEM TOTAL $
0 281,708 36 37 TOP 250 304 SS $0

SUBTOTAL AGITATORS 0 0 $0

EQUIPMENT GROUP: TANKS/VESSELS HIDE COLUMNS AA - AD (FOR CALC ONLY)
EQUIP EQUIPMENT DESCRIPTION NO: CAPACITY S I Z E (FT) PRESS D.TEMP MATL DESIGN CODE COST ESTIMATE REMARKS

NUMBER NAME  GALLONS DIA S.SIDE PSIG ºF DESIGN NO. $ / ITEM TOTAL $
FB-400 BUBBLE COLUMN FERMENT. 20 147,387 16 98 25.0 GLASS $225,000 $4,500,000 VOGELBUSCH ESTIMATE
F-401 JACKETED SEED VESSEL 3 36 1.75 2 15.0 304 SS $22,500 $67,500 W/AGITATOR -DELTA T COST USED
F-402 JACKETED SEED VESSEL 3 663 4.8 4.9 15.0 304 SS $54,100 $162,300 W/AGITATOR -DELTA T COST USED
F-403 JACKETED SEED VESSEL 3 13,215 13 13.31 15.0 304 SS $282,100 $846,300 W/AGITATOR -DELTA T COST USED
T-405 MEDIA PREP TANK 1 6,270 9.85 11 304 SS $64,600 $64,600 W/AGITATOR -DELTA T COST USED
T-420 ANTIFOAM TANK 1 211 3 4 PLYETH $402 $402 POLYETHYLENE - DELTA T COST USED

SUBTOTAL TANKS/VESSELS 31 $5,641,102

EQUIPMENT GROUP: MISCELLANEOUS
EQUIP EQUIPMENT DESCRIPTION NO: CAPACITY DESIGN MATL MOTOR COST ESTIMATE REMARKS

NUMBER NAME  AIR UNITS UNITS PSIG ºF HP RPM $ / ITEM TOTAL $ DIFFUSER
M-101 AIR COMPRESSOR PACKAGE 3 22,271 SCFM 75 4000 $596,342 $1,789,026 DELTA T COST USED
SP-400 IN-LINE AIR SPARGER 20 60,000 #/HR 316LSS $3,833 $76,660 MOTT METALURGICAL QUOTE - 01/00
SP-401 IN-TANK AIR SPARGER 9 4,332 #/HR   316LSS $125 $1,125 MOTT METALURGICAL QUOTE - 01/00

SUBTOTAL OTHER EQUIPMENT 32 0 $1,866,811

AREA 400
AREA 400 DELTA 

EQUIP COST ESTIMATE INCREASE (DECREASE)
$7,743,801 FERMENTERS $2,520,528

PUMPS $164,691
AREA 400 OVERALL SPARGERS $77,785

SAVINGS (COST)  VS. AGITATORS ($6,050,000)
NREL ORIGINAL CASE FERM. COILS ($355,704)

$3,642,700
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VOGELBUSCH U.S.A., INC.
10810 OLD KATY ROAD, SUITE 107
HOUSTON, TEXAS 77043-5013
(713) 461-7374 / (713) 461-7377 FAX



EQUIPMENT LIST (SPARGER ALTERNATIVE)
 REVISIONS

CLIENT: NREL NO. DATE BY
GOLDEN, CO MADE BY: PT A 2/1/00 PT

PROJ: 9827 APPD BY:

AREA: 400 - CELLULASE PRODUCTION PRINT: 5/11/00
PFD: D-400-N-A401/A402 PAGE: 2  OF  2

EQUIPMENT GROUP: AGITATORS
EQUIP EQUIPMENT DESCRIPTION NO: TANK CAP S I Z E (FT) SHAFT MOUNT D.TEMP MATL AGITATOR COST ESTIMATE REMARKS

NUMBER NAME  GALLONS DIA S.SIDE DIA IN TYPE ºF HP RPM $ / ITEM TOTAL $
A-400 CELLULASE FERM.  AGIT. 11 281,708 36 37 TOP 250 304 SS 600 $550,000 $6,050,000 VERY LARGE HP - DELTA T COST USED

SUBTOTAL AGITATORS 11 6600 $6,050,000

EQUIPMENT GROUP: TANKS/VESSELS HIDE COLUMNS AA - AD (FOR CALC ONLY)
EQUIP EQUIPMENT DESCRIPTION NO: CAPACITY S I Z E (FT) PRESS D.TEMP MATL DESIGN CODE COST ESTIMATE REMARKS

NUMBER NAME  GALLONS DIA S.SIDE PSIG ºF DESIGN NO. $ / ITEM TOTAL $
F-400 CELLULASE FERMENTERS 11 281,708 36 37 25.0 304 SS $179,952 $1,979,472 PRESSURE VESSEL - DELTA T COST USED
F-401 JACKETED SEED VESSEL 3 36 1.75 2 15.0 304 SS $22,500 $67,500 W/AGITATOR -DELTA T COST USED
F-402 JACKETED SEED VESSEL 3 663 4.8 4.9 15.0 304 SS $54,100 $162,300 W/AGITATOR -DELTA T COST USED
F-403 JACKETED SEED VESSEL 3 13,215 13 13.31 15.0 304 SS $282,100 $846,300 W/AGITATOR -DELTA T COST USED
T-405 MEDIA PREP TANK 1 6,270 9.85 11 304 SS $64,600 $64,600 W/AGITATOR -DELTA T COST USED
T-420 ANTIFOAM TANK 1 211 3 4 PLYETH $402 $402 POLYETHYLENE - DELTA T COST USED

SUBTOTAL TANKS/VESSELS 22 $3,120,574

EQUIPMENT GROUP: MISCELLANEOUS
EQUIP EQUIPMENT DESCRIPTION NO: CAPACITY DESIGN MATL MOTOR COST ESTIMATE REMARKS

NUMBER NAME  AIR UNITS UNITS PSIG ºF HP RPM $ / ITEM TOTAL $ DIFFUSER
M-101 AIR COMPRESSOR PACKAGE 3 22,271 SCFM 55 4000 $596,342 $1,789,026 DELTA T COST USED
SP-400 IN-LINE AIR SPARGER 11 60,000 #/HR 316LSS $3,833 $42,163 MOTT METALURGICAL QUOTE - 01/00
SP-401 IN-TANK AIR SPARGER 9 4,332 #/HR   316LSS $125 $1,125 MOTT METALURGICAL QUOTE - 01/00

SUBTOTAL OTHER EQUIPMENT 23 0 $1,832,314

AREA 400
EQUIP COST ESTIMATE

$11,520,370

AREA 400
MODIFICATION COST

$133,868



VOGELBUSCH U.S.A., INC.
10810 OLD KATY ROAD, SUITE 107
HOUSTON, TEXAS 77043-5013
(713) 461-7374 / (713) 461-7377 FAX



EQUIPMENT LIST (SPARGER ALTERNATIVE)
 REVISIONS

CLIENT: NREL NO. DATE BY
GOLDEN, CO MADE BY: PT A 2/1/00 PT

PROJ: 9827 APPD BY:

AREA: 400 - CELLULASE PRODUCTION PRINT: 5/11/00
PFD: D-400-N-A401/A402 PAGE: 1  OF  2

EQUIPMENT GROUP:  EXCHANGERS
EQUIP EQUIPMENT DESCRIPTION NO. CAPACITY SIZE DESIGN PRESS D.TEMP MATERIALS COST ESTIMATE REMARKS

NUMBER NAME  MM BTU/HR TYPE SQFT U VAL SHELL TUBE ºF SHELL TUBE $ / ITEM TOTAL $
H-400 CELLULASE FERM. COILS 11 WPLAT 613 150 125 200 304L SS 304L SS $32,337 $355,704 DELTA T COST = $34,400/ITEM

SUBTOTAL EXCHANGERS 11 $355,704

EQUIPMENT GROUP: PUMPS
EQUIP EQUIPMENT DESCRIPTION NO. CAPACITY S I Z E  (IN) PRESS D.TEMP MATL MOTOR COST ESTIMATE REMARKS

NUMBER NAME  GALS/MIN SUCT DISCH IMP FEET ºF HP RPM $ / ITEM TOTAL $
P-400 CELLULASE TRANSFER PUMP 2 175 100 212 316 SS  $10,004 $20,008 DELTA T COST = $9,300/ITEM

P-400A CELLULASE CIRC. PUMP 11 100 85 212 316 SS  $8,235 $90,580 NEW RECIRCULATION PUMPS
P-401 CELLULASE SEED PUMP 2 72.5 N.A. 212 316 SS  $12,105 $24,210 ROTARY LOBE - DELTA T COST USED
P-405 MEDIA PUMP 2 62.5 100 212 316 SS 22  $7,350 $14,700 DELTA T COST = $8,300 / ITEM
P-420 ANTI-FOAM PUMP 2 11.2 75 212 316 SS 129  $6,140 $12,280 DELTA T COST = $5,500 / ITEM

SUBTOTAL PUMPS 19 302 $161,777



VOGELBUSCH U.S.A., INC.
10810 OLD KATY ROAD, SUITE 107
HOUSTON, TEXAS 77043-5013
(713) 461-7374 / (713) 461-7377 FAX



VOGELBUSCH U.S.A., INC. DATA SHEET
10810 OLD KATY RD, SUITE 107 STERILE AIR SPARGER - IN-LINE
HOUSTON, TEXAS 77043 TYPE:  NON-INTRUSIVE
PHONE: (713) 461-7374  

FAX:       (713) 461-7377

SHEET NO.: SP-400 FERMENTER AIR SPARGER
CLIENT: NREL REV. DESCRIPTION BY DATE

LOCATION: GOLDEN, COLORADO A PRELIMINARY PT 20-Jan-00

UNIT: 400 - CELLULASE FERMENT.

JOB NO.: 9922  

ITEM NO.: SP-400  

APPLICABLE TO : P.O. NO.: MODEL NO.:

X   INQUIRY SERVICE: STERILE AIR SPARGING TYPE: NON-INTRUSIVE

  PURCHASE MANUFACTURER:

  AS-BUILT # OF UNITS: 1 DWG ATTACHED:

PERFORMANCE OF ONE UNIT
UNITS MINIMUM NORMAL MAXIMUM

GAS THROUGH DIFFUSER --- STERILE COMPRESSED AIR (FILTERED TO 0.2 MICRON)
GAS FLOWRATE ACFM 3,822 4,586
GAS FLOWRATE #/HR 60,531 72,637
AIR PRESSURE PSIG 44 (NOTE 7)
AIR TEMPERATURE ºF 104

LIQUID THROUGH DIFFUSER --- BROTH
LIQUID FLOW RATE GPM 100
LIQUID FLOW RATE #/HR 50,040

 TEMPERATURE °F 82
PRESSURE PSIG (NOTE 7)
SPECIFIC GRAVITY --- 1.02
VISCOSITY cP 100

PRESSURE DROP PSI *
DIAMETER INCHES *
LENGTH INCHES *
PIPE DIAMETER INCHES

CONSTRUCTION OF ONE UNIT
  MATERIAL OF CONSTRUCTION: 316 SS

REMARKS
  1.  USED FOR SPARGING AIR TO A FERMENTER TO SUPPORT MICROBIAL GROWTH.

  2.  PLEASE QUOTE A MOTT GASSAVER SANITARY SPARGER.

  3.  PROVIDE DIMENSIONS AND PRESSURE DROP (GAS AND LIQUID SIDES).

  4.  PROVIDE MICRON SIZE OF UNIT.

  5.  UNIT WILL BE PERIODICALLY EXPOSED TO 150 PSI STEAM FOR STERILIZATION.

  6.  UNIT WILL BE EXPOSED TO A 5% CAUSTIC SOLUTION (180ºF) FOR SHORT PERIODS OF TIME (1 - 2 HOURS).

  7.  AIR PRESSURE STATED CORRESPONDS TO ACFM FLOW.  IT WILL BE ADJUSTED, IF NECESSARY, BASED ON FINAL PUMP PROPERTIES.
       PLEASE SIZE UNIT FOR STATED AIR CONDITIONS.

PRINT DATE: 5/11/00

* INFORMATION TO BE SUPPLIED BY VENDOR

VVBB®VV ®



VOGELBUSCH U.S.A., INC. DATA SHEET
10810 OLD KATY RD, SUITE 107 STERILE AIR SPARGER - IN-LINE
HOUSTON, TEXAS 77043 TYPE:  NON-INTRUSIVE
PHONE: (713) 461-7374  

FAX:       (713) 461-7377

SHEET NO.: SP-400 (PILOT) FERMENTER AIR SPARGER
CLIENT: NREL REV. DESCRIPTION BY DATE

LOCATION: GOLDEN, COLORADO A PRELIMINARY PT 20-Jan-00

UNIT: 400 - CELLULASE FERMENT.

JOB NO.: 9922  

ITEM NO.: SP-400 (PILOT)  

APPLICABLE TO : P.O. NO.: MODEL NO.:

X   INQUIRY SERVICE: STERILE AIR SPARGING TYPE: NON-INTRUSIVE

  PURCHASE MANUFACTURER:

  AS-BUILT # OF UNITS: 1 DWG ATTACHED:

PERFORMANCE OF ONE UNIT
UNITS MINIMUM NORMAL MAXIMUM

GAS THROUGH DIFFUSER --- STERILE COMPRESSED AIR (FILTERED TO 0.2 MICRON)
GAS FLOWRATE ACFM 13 16
GAS FLOWRATE #/HR 203 244
AIR PRESSURE PSIG 44 (NOTE 7)
AIR TEMPERATURE ºF 104

LIQUID THROUGH DIFFUSER --- BROTH
LIQUID FLOW RATE GPM 20
LIQUID FLOW RATE #/HR 10,008

 TEMPERATURE °F 82
PRESSURE PSIG (NOTE 7)
SPECIFIC GRAVITY --- 1.02
VISCOSITY cP 100

PRESSURE DROP PSI *
DIAMETER INCHES *
LENGTH INCHES *
PIPE DIAMETER INCHES

CONSTRUCTION OF ONE UNIT
  MATERIAL OF CONSTRUCTION: 316 SS

REMARKS
  1.  USED FOR SPARGING AIR TO A FERMENTER TO SUPPORT MICROBIAL GROWTH.

  2.  PLEASE QUOTE A MOTT GASSAVER SANITARY SPARGER.

  3.  PROVIDE DIMENSIONS AND PRESSURE DROP (GAS AND LIQUID SIDES).

  4.  PROVIDE MICRON SIZE OF UNIT.

  5.  UNIT WILL BE PERIODICALLY EXPOSED TO 150 PSI STEAM FOR STERILIZATION.

  6.  UNIT WILL BE EXPOSED TO A 5% CAUSTIC SOLUTION (180ºF) FOR SHORT PERIODS OF TIME (1 - 2 HOURS).

  7.  AIR PRESSURE STATED CORRESPONDS TO ACFM FLOW.  IT WILL BE ADJUSTED, IF NECESSARY, BASED ON FINAL PUMP PROPERTIES.
       PLEASE SIZE UNIT FOR STATED AIR CONDITIONS.

PRINT DATE: 5/11/00

* INFORMATION TO BE SUPPLIED BY VENDOR
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VOGELBUSCH U.S.A., INC. DATA SHEET
10810 OLD KATY RD, SUITE 107 STERILE AIR SPARGER - IN-LINE
HOUSTON, TEXAS 77043 TYPE:  NON-INTRUSIVE
PHONE: (713) 461-7374  

FAX:       (713) 461-7377

SHEET NO.: SP-401 FERMENTER  AIR SPARGER
CLIENT: NREL REV. DESCRIPTION BY DATE

LOCATION: GOLDEN, COLORADO A PRELIMINARY PT 20-Jan-00

UNIT: 400 - CELLULASE FERMENT.

JOB NO.: 9922  

ITEM NO.: SP-401  

APPLICABLE TO : P.O. NO.: MODEL NO.:

X   INQUIRY SERVICE: STERILE AIR SPARGING TYPE: IN-TANK

  PURCHASE MANUFACTURER:

  AS-BUILT # OF UNITS: 1 DWG ATTACHED:

PERFORMANCE OF ONE UNIT
UNITS MINIMUM NORMAL MAXIMUM

GAS THROUGH DIFFUSER --- STERILE COMPRESSED AIR (FILTERED TO 0.2 MICRON)
GAS FLOWRATE ACFM 275 330
GAS FLOWRATE #/HR 4,332 5,198
AIR PRESSURE PSIG 44
AIR TEMPERATURE ºF 104

LIQUID IN TANK --- BROTH
TANK VOLUME GALLONS 13,200
TANK HEIGHT FT 14

 TEMPERATURE °F 82
LIQUID PRESSURE PSIG 6
HEAD PRESSURE PSIG 15
TOTAL PRESSURE PSIG 21
SPECIFIC GRAVITY --- 1.02
VISCOSITY cP 100

PRESSURE DROP PSI *
DIAMETER INCHES *
LENGTH INCHES *
PIPE DIAMETER INCHES

CONSTRUCTION OF ONE UNIT
  MATERIAL OF CONSTRUCTION: 316 SS

REMARKS
  1.  USED FOR SPARGING AIR TO A FERMENTER TO SUPPORT MICROBIAL GROWTH.

  2.  PLEASE QUOTE A MOTT IN-TANK SPARGER CONFIGURATION.

  3.  PROVIDE DIMENSIONS AND PRESSURE DROP (GAS AND LIQUID SIDES).

  4.  PROVIDE MICRON SIZE OF UNIT.

  5.  UNIT WILL BE PERIODICALLY EXPOSED TO 150 PSI STEAM FOR STERILIZATION.

  6.  UNIT WILL BE EXPOSED TO A 5% CAUSTIC SOLUTION (180ºF) FOR SHORT PERIODS OF TIME (1 - 2 HOURS).

  7.  UNIT WILL BE IN SANITARY SERVICE IN A PRESSURIZED VESSEL.

PRINT DATE: 5/11/00

* INFORMATION TO BE SUPPLIED BY VENDOR
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VOGELBUSCH U.S.A., INC. DATA SHEET
10810 OLD KATY RD, SUITE 107 STERILE AIR SPARGER - IN-LINE
HOUSTON, TEXAS 77043 TYPE:  NON-INTRUSIVE
PHONE: (713) 461-7374  

FAX:       (713) 461-7377

SHEET NO.: SP-401 (PILOT) FERMENTER  AIR SPARGER
CLIENT: NREL REV. DESCRIPTION BY DATE

LOCATION: GOLDEN, COLORADO A PRELIMINARY PT 20-Jan-00

UNIT: 400 - CELLULASE FERMENT.

JOB NO.: 9922  

ITEM NO.: SP-401 (PILOT)  

APPLICABLE TO : P.O. NO.: MODEL NO.:

X   INQUIRY SERVICE: STERILE AIR SPARGING TYPE: IN-TANK

  PURCHASE MANUFACTURER:

  AS-BUILT # OF UNITS: 1 DWG ATTACHED:

PERFORMANCE OF ONE UNIT
UNITS MINIMUM NORMAL MAXIMUM

GAS THROUGH DIFFUSER --- STERILE COMPRESSED AIR (FILTERED TO 0.2 MICRON)
GAS FLOWRATE ACFM 13 16
GAS FLOWRATE #/HR 203 244
AIR PRESSURE PSIG 44
AIR TEMPERATURE ºF 104

LIQUID IN TANK --- BROTH
TANK VOLUME GALLONS 400
TANK HEIGHT FT 5

 TEMPERATURE °F 82
LIQUID PRESSURE PSIG 2
HEAD PRESSURE PSIG 15
TOTAL PRESSURE PSIG 17
SPECIFIC GRAVITY --- 1.02
VISCOSITY cP 100

PRESSURE DROP PSI *
DIAMETER INCHES *
LENGTH INCHES *
PIPE DIAMETER INCHES

CONSTRUCTION OF ONE UNIT
  MATERIAL OF CONSTRUCTION: 316 SS

REMARKS
  1.  USED FOR SPARGING AIR TO A FERMENTER TO SUPPORT MICROBIAL GROWTH.

  2.  PLEASE QUOTE A MOTT IN-TANK SPARGER CONFIGURATION.

  3.  PROVIDE DIMENSIONS AND PRESSURE DROP (GAS AND LIQUID SIDES).

  4.  PROVIDE MICRON SIZE OF UNIT.

  5.  UNIT WILL BE PERIODICALLY EXPOSED TO 150 PSI STEAM FOR STERILIZATION.

  6.  UNIT WILL BE EXPOSED TO A 5% CAUSTIC SOLUTION (180ºF) FOR SHORT PERIODS OF TIME (1 - 2 HOURS).

  7.  UNIT WILL BE IN SANITARY SERVICE IN A PRESSURIZED VESSEL.

PRINT DATE: 5/11/00

* INFORMATION TO BE SUPPLIED BY VENDOR
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